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Abstract
We describe the spermiogenesis process and the ultrastructural characters of the spermatozoon of Acanthobothrium crassicolle
by means of transmission electron microscopy, including cytochemical analysis for glycogen. Spermiogenesis in A. crassicolle
begins with the formation of the differentiation zone that contains two centrioles associated with striated rootlets and an inter-
centriolar body. The latter is formed by one electron-dense layer. The centrioles develop into two free flagella that first grow
orthogonally to a median cytoplasmic process and then undergo flagellar rotation becoming parallel to that median cytoplas-
mic process. After flagellar rotation only one of the flagella completes its growth and both short and long flagella undergo
proximodistal fusion with the median cytoplasmic process. In the final stages of spermiogenesis, the nucleus becomes filiform
and migrates into the spermatid body. Later, the ring of arched membranes constricts and the spermatozoon is liberated from
the residual cytoplasm. The ultrastructural organization of the spermatozoon of A. crassicolle follows the general pattern of sper-
matozoa of the other Tetraphyllidea-Onchobothriidae species, but exhibits some differences. It is filiform, tapered at both ex-
tremities and lacks mitochondrion. It contains two axonemes of unequal length showing the 9 + “1” pattern of Trepaxonemata,
a nucleus, parallel cortical microtubules and electron-dense granules of glycogen. The anterior extremity of the male gamete
contains a single crested body surrounding a thin and long apical cone. This type of apical cone has never been described in a
tetraphyllidean spermatozoon. Another particularity is the presence of a single electron-dense microtubule at the vertex of the
crested body.
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Introduction
The order Tetraphyllidea includes species that live essentially
in the spiral valve of Elasmobranches (i.e., sharks and rays) but
also in their sister group, the Holocephali (chimaeras). Euzet
(1994) recognized eight families (Cathetocephalidae, Lito-
bothriidae, Disculicipitidae, Prosobothriidae, Dioecotaeniidae,
Onchobothriidae, Phyllobothriidae and Chimaerocestidae), all
monogeneric except for the Phyllobothriidae and the On-
chobothriidae. A phylogenetic analysis (Caira et al. 1999) re-
vealed that tetraphyllideans are not monophyletic. In fact, while
the family Onchobothriidae is a monophyletic group the fam-
ily Phyllobothriidae is not monophyletic. Also according to the
same analysis the uniloculate species are basal to the multiloc-
ulate, so the genus Acanthobothrium represents a basal on-
chobothriid lineage. Concerning the monogeneric families, the
analysis of Caira et al. (1999) corroborates the recognition of
the Litobothriidae although the validity and correct placement
of Prosobothriidae, Dioecotaeniidae and Chimaerocestidae are
not resolved for these authors. Finally, Caira et al. (1999) ques-
tioned whether the Cathetocephalidae and the Disculicipitidae
represented two different families. More recent molecular data
(Caira et al. 2005) corroborated the recognition of the order
Cathetocephalidea erected by Schmidt and Beveridge (1990).
According to the molecular analysis of Olson et al. (2001) the
Tetraphyllidea are separated in four groups: the Rhinebothri-
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Fig. 1. TEM micrographs of the spermiogenesis of Acanthobothrium crassicolle. A. Longitudinal sections of the zone of differentiation
showing the centrioles, the intercentriolar body and the striated rootlets. B. Longitudinal section of the zone of differentiation showing the
flagellar rotation of the flagella towards the median cytoplasmic process. C. Detail of the intercentriolar body showing the single electron-
dense plate. D. Longitudinal section of the spermatid showing the parallel flagella, before the proximodistal fusion. E. Longitudinal section
of a spermatid during the penetration of the nucleus and after the flagellar fusion showing the striated rootlets and one of the axonemes in an
advanced stage of spermiogenesis. Abbreviations to all figures: AC – apical cone, AM – arched membranes, ASE – anterior spermatozoon
extremity, Ax – axoneme, Ax1 – first axoneme, Ax2 – second axoneme, C – centrioles, C1 – first centriole, C2 – second centriole, CB – crested
body, CM – cortical microtubules, D – doublets, F – flagellum, F1 – first flagellum, F2 – second flagellum, G – granules of glycogen, 
IB – intercentriolar body, MCP – median cytoplasmic process, N – nucleus, PM – plasma membrane, PSE – posterior spermatozoon 
extremity, S – singlets, SR – striated rootlets
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inae, the Phyllobothriidae, the Onchobothriidae and the genus
Acanthobothrium. Moreover, it is interesting to remark the
close relationships between Acanthobothrium and the Proteo-
cephalidea (see Olson et al. 2001 and Waeschenbach et al.
2007). 
In the last decades there is an important increase in the ul-
trastructural studies on spermatology of Platyhelminthes in
general and cestodes in particular (see the review papers of
Justine 1998, 2001; Levron et al. 2010). It is now widely ac-
cepted that ultrastructural spermatological characters con-
tribute to a better understanding of relationships within the
Platyhelminthes (Euzet et al. 1981; Justine 1991, 1995, 1998,
2001; Hoberg et al. 1997, 2001; Olson et al. 2001; Bruňanská
2010; Levron et al. 2010). To our knowledge, there are ultra-
structural data on the spermiogenesis and/or spermatozoon of
four onchobothriids. These are Acanthobothrium filicolle var.
filicolle, Acanthobothrium filicolle var. benedeni, Onchobo-
thrium uncinatum and Calliobothrium verticillatum (Mokhtar-
Maamouri and Świderski 1975, Mokhtar-Maamouri 1982,
Quilichini et al. 2007). Considering the phyllobothriids, there
are data on another four species namely Phyllobothrium
gracile, Trilocularia acanthiaevulgaris, Pseudanthobothrium
hanseni and Phyllobothrium lactuca (Mokhtar-Maamouri
1979, MacKinnon and Burt 1984, Mahendrasingam et al.
1989, Sène et al. 1999).
In the present paper, ultrastructural characters of spermio-
genesis and those of the mature spermatozoon of the on-
chobothriid Acanthobothrium crassicolle, an intestinal para-
Fig. 2. Schematic drawing showing the main stages of spermiogenesis of Acanthobothrium crassicolle
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Fig. 3. TEM micrographs of the Region I of the spermatozoon of Acanthobothrium crassicolle. A. Longitudinal section showing the apical
cone surrounded by the crested body. B. Detail of the anterior spermatozoon extremity in a longitudinal section. C. Cross-section at the level
of the apical cone before the appearance of the crested body showing the presence of microtubules (arrowhead). D. Cross-section showing a
detail of the crested body containing a cortical microtubule (arrowhead) in the exterior vertex. E. Longitudinal section at the level of the first
centriole showing the apical cone, the crested body, the first axoneme and the cortical microtubule (arrowheads) in the exterior vertex of the
crested body. F. Longitudinal section showing the transition area between Regions I and II. G. Two cross-sections at the level of the apical
cone showing a row of electron-dense cortical microtubules and the crested body. H. Cross-section at the level of the first centriole. I. Cross-
section showing the first axoneme and the arc-like row of 10 electron-dense cortical microtubules
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Fig. 4. TEM micrographs of the Regions II, III and IV of the spermatozoon of Acanthobothrium crassicolle. A. Longitudinal section of Re-
gion II showing the transition area between the region with one axoneme and the region with two axonemes. Remark the appearance of the
second axoneme. B. Cross-sections of Region II showing the first axoneme coiled by the arc-like row of 10 electron-lucent cortical micro-
tubules. C. Cross-section of Region II showing the appearance of granules of glycogen. D. Cross-section of Region II showing two axonemes.
E. Cross-section of the nuclear region (Region III). F. Longitudinal section of Region IV showing the disorganization of the first axoneme
(arrowhead). G. Cross-section of Region IV showing the disorganization of the first axoneme. H. Cross-section at the end of Region IV after
the disappearance of the first axoneme. I. Cross-section of the posterior area of Region IV showing the axoneme surrounded by the plasma
membrane. J. Cross-section at the posterior end of the spermatozoon showing the disorganisation of the last axoneme
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site of the common stingray (Dasyatis pastinaca) are com-
pared with those of previously studied species belonging to
the order Tetraphyllidea.
Materials and methods
Adult specimens of Acanthobothrium crassicolle were re-
moved from the spiral valve of the common stingray Dasyatis
pastinaca, caught off Sidi Mansour (Tunisia) in October 2007.
Living worms were cooled in 0.9% NaCl solution and then
the mature proglottids were processed for TEM examination:
fixed at 4°C in 2.5% glutaraldehyde in 0.1 M cacodylate buffer
at pH = 7.4, for 2 h, rinsed in the same buffer, postfixed at 4°C
in 1% osmium tetroxide for 1 h, rinsed in the same buffer, de-
hydratated in an ethanol series and propylene oxide, and fi-
nally embedded in Spurr. Ultrathin sections were cut using a
Reichert-Jung Ultracut E ultramicrotome, placed on copper
grids and double-stained with uranyl acetate and lead citrate.
The grids were examined in a JEOL 1010 transmission elec-
tron microscope operated at an accelerating voltage of 80 kV.
The Thiéry (1967) technique was applied for detection of
glycogen. Ultrathin sections, collected on gold grids, were
treated in periodic acid, thiocarbohydrazide and silver proteinate
(PA-TCH-SP) as follows: 30 min in 10% of PA, rinsed in dis-
tilled water, 24 h in TCH, rinsed in acetic solutions and distilled
water, 30 min in 1% SP in the dark, and rinsed in distilled water.
Results
Spermiogenesis
Spermiogenesis in A. crassicolle is illustrated in Figures 1A-
E and 2A-E. The beginning of spermiogenesis is character-
ized by the formation of small protrusions that appear at the
periphery of the common cytoplasmic mass of spermatids.
These areas, named zones of differentiation, are bordered by
a field of cortical microtubules and contain two centrioles sit-
uated in the same plane (Fig. 1A). These centrioles are asso-
ciated to striated rootlets and initially they are oriented
perpendicularly to the intercentriolar body, which is formed
by one electron-dense layer (Fig. 1A, C). The centrioles de-
velop two flagella that soon initiate their flagellar rotation
(Fig. 1B), becoming parallel to the median cytoplasmic
process. One of the flagella completes its growth only in later
stages of spermiogenesis after flagellar rotation (Fig. 1D).
After the proximodistal fusion of the flagella with the median
cytoplasmic process, a cone-like expansion of the nucleus ex-
tends towards the striated rootlets (Fig. 1D). The nucleus be-
comes filiform and initiates its migration pushing the striated
rootlets beyond the ring of arched membranes (Fig. 1E). It is
interesting to note that these striated rootlets are absent in the




zation of the mature sper-
matozoon of A. crassicol-
le is illustrated in Figures
3A-I, 4A-J, 5 and 6I-IV.
The male gamete is a fili-
form cell that lacks mito-
chondrion. From the an-
terior to posterior extrem-
ities, we have distingui-
shed four regions (I to IV)
with distinctive ultrastruc-
tural characters.
Region I (Figs 3A-I, 6I) constitutes the anterior extremity
of the mature spermatozoon. The main characteristics of this
area are the presence of a long electron-dense apical cone and
a single electron-dense helical crested body with a maximum
thickness around 200 nm (Fig. 3A). The anterior part of this
area begins with a thin region without crested body (Figs 3B,
C) corresponding to the anterior spermatozoon extremity.
Later, the helical crested body appears, surrounding a part of
the apical cone and the portion of the cell containing the first
part of the axoneme (Fig. 3A, D-I). An incomplete row of sub-
membranous electron-dense and parallel cortical microtubules
also surrounds partially the apical cone (Fig. 3G). In cross-
sections the crested body shows a triangular form with an elec-
tron-dense microtubule at the apex. This single microtubule
appears in the anterior areas of the apical cone without crested
body (Fig. 3C-E). The thickness of the crested body decreases
progressively toward the end of region I (Fig. 3F). At the base
of the apical cone, the centriole becomes visible (Fig. 3A, E,
H). The axoneme, of the 9 + “1” trepaxonematan pattern, is par-
tially bordered by an arc-like row of 10 parallel electron-dense
cortical microtubules and by the crested body (Fig. 3I).
Region II (Figs 4A-D, 5, 6II) is characterised by the ab-
sence of the crested body. The anterior part of this region con-
tains only one axoneme (Fig. 4A, B). Posteriorly, the second
centriole is clearly visible showing the beginning of the sec-
ond axoneme (Fig. 4A). In the area presenting only one ax-
oneme the 10 cortical microtubules disposed in an arc-like
arrangement become electron-lucent (Fig. 4B). Later, a large
amount of glycogen granules appear forming a semi-circle
around the axoneme (Fig. 4C). The granules of glycogen per-
sist in the two-axoneme region but their disposition changes,
becoming distributed into two groups on each side of the ax-
onemes (Fig. 4C, D). 
Region III (Figs 4E, 6III) corresponds to the nuclear area of
the mature spermatozoon. The two axonemes, cortical micro-
tubules and glycogen are still present. The nucleus is slightly
electron-dense and exhibits an irregular shape (Fig. 4E).
Region IV (Figs 4F-J, 6IV) constitutes the postnuclear area
of the mature spermatozoon. In the anterior zone of the region
IV, one of the axonemes becomes disorganised (Fig. 4F, G):
Fig. 5. Thiéry’s staining to evidence
the presence of glycogen
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the central core subsists and the peripheral doublets are trans-
formed into singlets (Fig. 4G). The disappearance of the first
axoneme marks the gradual decrease in the amount of glyco-
gen granules and cortical microtubules (Fig. 4H, I). The sec-
ond axoneme progressively disorganizes toward the posterior
extremity of the cell (Fig. 4J). 
Discussion
Spermiogenesis
To date, there are ultrastructural data on the sperm of eight
Tetraphyllidea, although data on spermiogenesis was avail-
able for only five species (two Phyllobothriidae and three On-
chobothriidae): Phyllobothrium gracile, Phyllobothrium lac-
tuca, Acanthobothrium filicolle var. filicolle, Acanthoboth-
rium filicolle var. benedeni and Onchobothrium uncinatum
(Mokhtar-Maamouri and Świderski 1975; Mokhtar-Maamouri
1979, 1982; Sène et al. 1999).
Ultrastructural studies have shown that tetraphyllideans
have the particularity of possessing two patterns of spermio-
genesis (I and II) according to Bâ and Marchand (1995). In
fact, tetraphyllideans include Phyllobothriidae species whose
spermatozoa contain one axoneme (except for P. lactuca and
T. acanthiaevulgaris, Mahendrasingam et al. 1989, Sène et al.
1999) and Onchobothriidae species whose spermatozoa con-
tain two axonemes (see Table I). In view of these ultrastruc-
tural data, the order Tetraphyllidea is certainly not mono-
phyletic.
In addition, all the Onchobothriidae studied to date follow
the type I spermiogenesis, with the presence of striated
rootlets, intercentriolar body, flagellar rotation and proxi-
modistal fusion, whereas in the Phyllobothriidae, P. gracile
exhibits the type II spermiogenesis and P. lactuca exhibits the
type I spermiogenesis. This variability in tetraphyllideans (see
Justine 2001 and Levron et al. 2010) emphasises the need for
additional data to confirm the pattern of spermiogenesis in this
order. The type of spermiogenesis is important in the inter-
pretation of relationships between the different orders of ces-
todes (Justine 1998, 2001; Levron et al. 2010).
In A. crassicolle, as in A. filicolle var. filicolle, the inter-
centriolar body consists of a single central electron-dense plate
with a narrow lighter plate on each side, while in A. filicolle
var. benedeni, P. lactuca and P. gracile there is a higher and
variable number of intercentriolar body plates (see Table I).
The absence and/or the strong reduction of the intercentriolar
body could represent a synapomorphic character for these
species (Hoberg et al. 1997, 1999, 2001; Justine 1998).
A particular characteristic found in the five Tetraphyllidea
previously studied is the persistence of the striated rootlets in
the body of the old spermatid after the proximodistal fusion
(Mokhtar-Maamouri and Świderski 1975; Mokhtar-Maamouri
1979, 1982; Sène et al. 1999). This aspect is also evidenced in
two Proteocephalidea namely Proteocephalus torulosus and
Proteocephalus longicollis (Bruňanská et al. 2003a, 2004a). In
the present study, striated rootlets were also observed in well-
developed spermatids after the proximodistal fusion and dur-
ing the migration of the nucleus.
Spermatozoon
Recently, on the basis of most important characters present in
the spermatozoon, Levron et al. (2010) have been established
seven types of spermatozoa in the eucestodes. These seven
types are distinguished by the following characters: (1) the
number of axonemes (one or two), (2) the parallel or spiralled
pattern of cortical microtubules, (3) the parallel or spiralled
pattern of the nucleus, (4) the absence or presence of crested
bodies, (5) the absence or presence of a periaxonemal sheath,
and (6) the absence or presence of intracytoplasmic walls.
Fig. 6. Schematic drawing showing the ultrastructural organization of
the mature spermatozoon of Acanthobothrium crassicolle
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Considering this classification, within the Tetraphyllidea there
are two types of spermatozoon, the type II for the species be-
longing to the family Onchobothriidae and the type IV for the
species of the family Phyllobothriidae. Type II spermatozoon
exhibits two axonemes and crested bodies, and it is also char-
acterized by the presence of parallel cortical microtubules and
parallel nucleus. Type IV spermatozoon is distinguished from
type II by the presence of one axoneme and by the spiralled
pattern of the nucleus (see Levron et al. 2010). Acanthoboth-
rium crassicolle presents a type II spermatozoon as all the On-
chobothriidae tetraphyllideans studied to date.
In the tetraphyllidean cestodes, there is ultrastructural data
on the spermatozoon of seven species: A. filicolle var. bene-
deni, A. filicolle var. filicolle, C. verticillatum, O. uncinatum,
P. gracile, P. hanseni and T. acanthiaevulgaris (Mokhtar-
Maamouri and Świderski 1975; Mokhtar-Maamouri 1979,
1982; MacKinnon and Burt 1984; Mahendrasingam et al.
1989 and Quilichini et al. 2007). 
In tetraphyllideans, the apical cone was previously evi-
denced only in C. verticillatum (Quilichini et al. 2007). In
A. crassicolle, the anterior spermatozoon extremity is also
characterized by the presence of an electron-dense apical cone.
This apical cone in A. crassicolle appears as a long electron-
dense structure surrounded by a coiled crested body. The
crested body, described for the first time in the cestodes by
Mokhtar-Maamouri and Świderski (1975), in A. filicolle bene-
deni, is present in all of the tetraphyllideans studied to date
(see Table I). Bâ and Marchand (1995) and posteriorly Justine
(1998, 2001) have proposed that the crested body always in-
dicates the anterior extremity of the spermatozoon and con-
stitutes a synapomorphy for the Eucestoda or for a part of the
Eucestoda (Justine 2001). 
The arc-like row of cortical microtubules present in all the
studied Tetraphyllidea is located in the anterior region as oc-
curs in other groups of cestodes. This is the case of four
Caryophyllidea (Arafa and Hamada 2004, Gamil 2008, Bru-
ňanská 2009 and Yoneva et al. 2011), three Spathebothriidea
(MacKinnon and Burt 1984, Bruňanská et al. 2006, Bruňan-
ská and Poddubnaya 2010), three Trypanorhyncha (Miquel
and Świderski 2006, Miquel et al. 2007a, Marigo et al. 2011),
one Bothriocephalidea (Bâ et al. 2007), three Diphylloboth-
ridea (Justine 1986, Levron et al. 2006a, 2009), five Proteo-
cephalidea (Bâ and Marchand 1994; Bruňanská et al. 2003a,
b, 2004b, c) and two mesocestoidid Cyclophyllidea (Miquel et
al. 1999, 2007b). The number of cortical microtubules form-
ing the arc-like row in all these studies varies between three
and eighteen depending on the level of section. However, in all
Tetraphyllidea considered the number of microtubules form-
ing the arc is 10.
There are two types of cortical microtubules in the mature
spermatozoon of A. crassicolle. The microtubules that form
the arc-like row are observed in the anterior part of the sperm
cell, presenting a hollow centre and being more electron-dense
in comparison to the other type of microtubules. The trans-
formation of microtubules from the first to the second type oc-
curs at the end of the crested body region. The spermatozoon
of the remaining studied tetraphyllideans presents an arc-like
row of cortical microtubules, but unfortunately, the quality of
TEM micrographs in these works are not sufficient to eluci-
date if two types of cortical microtubules really exists in the
male gamete of these species (Mokhtar-Maamouri and
Świderski 1975; Mokhtar-Maamouri 1979, 1982; MacKinnon
and Burt 1984; Mahendrasingam et al. 1989 and Quilichini et
al. 2007). Considering the remaining orders of the Eucestoda,
two types of cortical microtubules have been reported in all
the studied Bothriocephalidea (Świderski and Mokhtar-
Maamouri 1980; Bruňanská et al. 2002, 2010; Levron et al.
2005, 2006b, c; Bâ et al. 2007; Šipková et al. 2010, 2011), in
Table I. Spermatological characters in tetraphyllidean cestodes
Families and  species
Spermiogenesis Spermatozoon References
Type IB Type AC CB ArcCM G PSE
Onchobothriidae  
Acanthobothrium crassicolle I 1 II + + + + Ax present paper
Acanthobothrium filicolle I 5 II + + + Ax Mokhtar-Maamouri and 
var. benedeni Świderski (1975) 
Acanthobothrium filicolle I 1 II + + + Ax Mokhtar-Maamouri (1982)
var. filicolle
Calliobothrium verticillatum II + + + + Ax Quilichini et al. (2007) 
Onchobothrium uncinatum I II + + + Ax Mokhtar-Maamouri and
Świderski (1975)
Phyllobothriidae
Phyllobothrium gracile II 4 or 5 IV + + + N Mokhtar-Maamouri (1979)
Phyllobothrium lactuca I 3 Sène et al. (1999)
Pseudanthobothrium hanseni IV + + Ax MacKinnon and Burt (1984)
Trilocularia acanthiaevulgaris II + + + N Mahendrasingam et al. (1989)
AC – apical cone, ArcCM – arc-like row of cortical microtubules, CB – crested body, G – electron-dense granules, IB – intercentriolar body
(number of plates), PSE – posterior spermatozoon extremity, +, presence of considered character. Spermiogenesis types are considered ac-
cording to Bâ and Marchand (1995). Spermatozoa types are considered according to Levron et al. (2010).
Brought to you by | Universidade de Aveiro
Authenticated
Download Date | 10/12/16 1:02 PM
Sperm ultrastructure of Acanthobothrium crassicolle 199
one Diphyllobothriidea (Justine 1986), in three Trypanorhyn-
cha (Miquel and Świderski 2006, Miquel et al. 2007a, Marigo
et al. 2011), in four Proteocephalidea (Bruňanská et al. 2003a,
b, 2004b, c) and in two mesocestoidids (Miquel et al. 1999,
2007b). 
The mature spermatozoon of the five Onchobothriidae
studied until now presents two axonemes of the 9 + “1” trepax-
onematan pattern (see Table I). However, in the Phyllobothri-
idae spermatozoa present one or two axonemes. In fact,
Mahendrasingam et al. (1989) describe two axonemes in the
spermatozoon of Trilocularia acanthiaevulgaris, while in the
remaining studied Phyllobothriidae namely Phyllobothrium
gracile (Mokhtar-Maamouri 1979) and Pseudanthobothrium
hanseni (MacKinnon and Burt 1984) there is only one ax-
oneme, according to the spermatozoon pattern assigned to this
family (see Levron et al. 2010). Such differences evidenced
within the same family may cause controversies for the phy-
logeny of this group because the presence of a single axoneme
should be considered an evolved character (Euzet et al. 1981).
Moreover, the number of axonemes in the mature spermato-
zoon constitutes one of the principal characters considered by
Levron et al. (2010) for the distinction of the Eucestoda sper-
matozoa.
In what refers the close relationships between genus Acan-
thobothrium and the order Proteocephalidea postulated by sev-
eral authors (Olson et al. 2001, Waeschenbach et al. 2007),
the ultrastructure of spermiogenesis and the mature sperma-
tozoon show great similitudes between these taxa when the
most important characters are considered. However, these
similitudes exist with all the Onchobothriidae and not only
with the genus Acanthobothrium.
Conclusion
New spermatological data concerning the Tetraphyllidea are
needed, particularly for the Phyllobothriidae family. Thus, the
information available to date is insufficient to confirm the
spermiogenesis and spermatozoon patterns attributed to this
family. In what refers the Onchobothriidae, the present study
has shown that this family may be a monophyletic group, be-
cause of the many analogies detected in the onchobothriid
spermatozoon structure such as the type of spermatozoon, ax-
oneme number, crested body, arc-like row of cortical micro-
tubules and posterior tip. These observations indicate the
necessity to study more tetraphyllidean species in order to pro-
vide a better knowledge of the phylogenetic relationships in
this order.
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